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(54) METHOD AND APPARATUS FOR SELECTING NEIGHBOR CELLS IN A MOBILE 
COMMUNICATION SYSTEM

(57) A method and an apparatus of a terminal in a
wireless communication system is provided. The termi-
nal of the present invention receives first system infor-
mation including public land mobile network (PLMN) in-
formation, receives second system information including

closed subscriber group (CSG) cell information, deter-
mines whether a PLMN identity is changed based on the
PLMN information, and selects a cell among a plurality
of cells including a CSG cell based on the CSG cell in-
formation if the PLMN identity is not changed.



EP 3 277 024 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[Technical Field]

[0001] The present invention relates to a mobile com-
munication system. More particularly, the present inven-
tion relates to a neighbor cell search method and appa-
ratus of a User Equipment (UE) with the utilization of a
Physical Cell Identity (PCI) list of PCIs used by evolved
Node Bs (eNBs) for a Closed Subscriber Group (CSG)
which is from an eNB in a Long Term Evolution (LTE)
system.

[Background Art]

[0002] With the rapid advances of technologies, mobile
communication systems have evolved to the 4th Gener-
ation (4G) system represented by Long Term Evolution
(LTE). LTE has been designed to work under the as-
sumption of various scenarios such as by taking notice
of various base station capabilities. For example, LTE
has introduced a concept of Closed Subscriber Group
(CSG) in which only terminals belonging to a CSG are
entitled to access a corresponding CSG cell.
[0003] FIG. 1 is a diagram illustrating an architecture
of an LTE system according to the related art.
[0004] Referring to FIG. 1, the radio access network
of the mobile communication system includes evolved
Node Bs (eNBs) 105, 110, 115, and 120, a Mobility Man-
agement Entity (MME) 125, and a Serving-Gateway (S-
GW) 130. The User Equipment (hereinafter, referred to
as UE) 135 connects to an external network via eNBs
105, 110, 115, and 120 and the S-GW 130.
[0005] In FIG. 1, the eNBs 105, 110, 115, and 120 cor-
respond to legacy node Bs of a Universal Mobile Com-
munications System (UMTS). The eNBs 105, 110, 115,
and 120 allow the UE to establish a radio link and are
responsible for complicated functions as compared to
the legacy node Bs. In the LTE system, all user traffic
including real time services such as Voice over Internet
Protocol (VoIP) are provided through a shared channel
and thus there is a need for a device which is located in
the eNB to schedule data based on the state information
such as UE buffer conditions, power headroom state,
and channel state. Typically, one eNB controls a plurality
of cells. In order to secure a data rate of up to 100Mbps,
the LTE system adopts Orthogonal Frequency Division
Multiplexing (OFDM) as a radio access technology. Also,
the LTE system adopts Adaptive Modulation and Coding
(AMC) to determine the modulation scheme and channel
coding rate in adaptation to the channel condition of the
UE. The S-GW 130 is an entity to provide data bearers
so as to establish and release data bearers under the
control of the MME 125. The MME 125 is responsible for
various control functions and connected to a plurality of
eNBs 105, 110, 115, and 120.
[0006] FIG. 2 is a diagram illustrating a protocol stack
of the LTE system according to the related art.

[0007] Referring to FIG. 2, the protocol stack of the
LTE system includes Packet Data Convergence Protocol
(PDCP) 205 and 240, Radio Link Control (RLC) 210 and
235, Medium Access Control (MAC) 215 and 230, and
Physical (PHY) 220 and 225. The PDCP 205 and 240 is
responsible for IP header compression/decompression,
and the RLC 210 and 235 is responsible for segmenting
the PDCP Protocol Data Unit (PDU) into segments in
appropriate size for Automatic Repeat Request (ARQ)
operation. The MAC 215 and 230 is responsible for es-
tablishing connection to a plurality of RLC entities so as
to multiplex the RLC PDUs into MAC PDUs and demul-
tiplex the MAC PDUs into RLC PDUs. The PHY 220 and
225 performs channel coding on the MAC PDU and mod-
ulates the MAC PDU into OFDM symbols to transmit over
radio channel or performs demodulating and channel-
decoding on the received OFDM symbols and delivers
the decoded data to the higher layer. Also, the PHY layer
uses Hybrid ARQ (HARQ) for additional error correction
by transmitting 1 bit information indicating for positive or
negative acknowledgement from the receiver to the
transmitter. This is referred to as HARQ ACK/NACK in-
formation. The downlink HARQ ACK/NACK information
corresponding to an uplink transmission is transmitted
through Physical Hybrid-ARQ Indicator Channel
(PHICH), and the uplink HARQ ACK/NACK information
corresponding to a downlink transmission can be trans-
mitted through Physical Uplink Control Channel
(PUCCH) or Physical Uplink Shared Channel (PUSCH).
[0008] A UE can be in one of two states: a connected
mode and an idle mode.
[0009] Meanwhile, an eNB can be categorized into one
of the following types: an acceptable cell, a suitable cell,
a barred cell, and a reserved cell. An acceptable cell cor-
responds to a cell allowing for limited services (emergen-
cy call and ETWS), and a cell not barred and satisfying
cell selection conditions. A suitable cell corresponds to
a cell providing UE with normal service, a cell which is
part of selected/registered Public Land Mobile Network
(PLMN) or PLMN of the equivalent PLMN list, for a CSG
cell, CSG ID broadcast by cell is present in CSG white
list, and a cell not barred and satisfying cell selection
conditions. A barred cell corresponds to a cell indicated
as barred cell in system information. A reserved cell cor-
responds to a cell indicated as reserved cell in system
information.
[0010] The UE in the idle mode can be in one of several
states according to the type of cell it search for or camps
on. For example, when the UE is in the idle mode, the
UE may be in a camped normally state, a cell selection
when leaving RRC_Connected state, an any cell selec-
tion state, and a camped on any cell state.
[0011] The camped normally state corresponds to a
state in which a suitable cell is found through the cell
selection/reselection procedure. In this state, the UE
monitors the paging channel to determine whether there
is new data to be received from the network and receives
system information. The UE also performs measurement
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for cell reselection and executes a cell reselection pro-
cedure.
[0012] The cell Selection when leaving
RRC_Connected state corresponds to a state in which
the UE attempts to search for a suitable cell when it tran-
sitions from RRC_CONNECTED state to the RRC_DLE
state.
[0013] The any cell selection state corresponds to a
state in which the UE attempts to find an acceptable cell
of any PLMN when it fails finding a ’suitable cell’ or is
rejected by the selected PLMN, the UE attempts to fine
an acceptable cell of any PLMN in this state. When an
acceptable cell is found, the UE transitions to the
’Camped on any cell state.’
[0014] The camped on any cell state corresponds to a
state in which the UE monitors paging channel to deter-
mine whether there is new data to be received from the
network and receives system information. The UE also
performs measurement for cell reselection and executes
cell reselection procedure according to conditions. The
UE also perform cell search for adjacent suitable cell.
[0015] The UE in idle mode receives system informa-
tion broadcast by the eNB to acquire the information
about the neighbor eNBs. The eNB (hereinafter, inter-
changeably used with the term ’macro eNB’) notifies the
UEs of the Physical Cell Identifier (PCI) list used by the
CSG eNBs through System Information Block (SIB) 4.
The PCI list is notified by means of the parameter csg-
PhysCellIdRange and, once the csg-PhysCellIdRange
is received, the UE camped on a cell of the PLMN as-
sumes that the PCI list is value for 24 hours. If the UE is
not a member of the CSG cell for this duration, the cells
using the corresponding PCI is ruled out in the cell se-
lection/reselection procedure.

[Disclosure of Invention]

[Technical Problem]

[0016] However, the method according to the related
art has a drawback in that the PCI used by the CSG eNBs
is always ruled out in the cell search (selection/reselec-
tion) so as to disturb efficient cell search of the UE.
[0017] Therefore, a need exists for a cell search meth-
od and apparatus of a UE that is capable of facilitating
cell search procedure based on the PCI list used by the
CSG cells in adaptation to the UE status.
[0018] The above information is presented as back-
ground information only to assist with an understanding
of the present disclosure. No determination has been
made, and no assertion is made, as to whether any of
the above might be applicable as prior art with regard to
the present invention.

[Solution to Problem]

[0019] Aspects of the present invention are to address
at least the above-mentioned problems and/or disadvan-

tages and to provide at least the advantages described
below. Accordingly, an aspect of the present invention is
to provide a cell search method and apparatus of a User
Equipment (UE) that is capable of facilitating cell search
procedure based on the Physical Cell Identifier (PCI) list
used by the Closed Subscriber Group (CSG) cells in ad-
aptation to the UE status.
[0020] Another aspect of the present invention is to
provide a method for use of the PCI list of CSG cells this
is transmitted by an evolved Node B (eNB) as follows.
[0021] Unlike the normal situation in which the cell re-
selection procedure is performed with the PCI list infor-
mation used by the CSG cells, if it is in an any cell selec-
tion state (e.g., state allowing for only the emergency
service), the UE perform the cell reselection procedure
to all cells including the CSG cells indicated by the PCI
list information (nullification or removal).
[0022] The UE determines whether the Primary Public
Land Mobile Network (PLMN) is changed and, if so, in-
cludes the cells included in the PCI list information used
by the CSG cells (nullification or removal) in the cell re-
selection procedure. Conversely, if the Primary PLMN is
not changed, the UE performs the cell reselection pro-
cedure with the application of the PCI list used by the
CSG cells.
[0023] When the Primary PLMN is changed, if new PCI
list information used by the CSG cells is received the cell,
the cell reselection is performed with the application of
the corresponding application.
[0024] In accordance with an aspect of the present in-
vention, a cell search method of a terminal in a mobile
communication system is provided. The cell search
method includes selecting a cell of a base station, receiv-
ing a system information including a Physical Cell Identity
(PCI) list used by neighbor Closed Subscribed Group
(CSG) cells of the base station, determining whether the
terminal is in any cell selection state for selecting any
cell, and searching, when the terminal is in the any cell
selection state, neighbor cells without application of the
PCI list.
[0025] In accordance with another aspect of the
present invention, a terminal for searching neighbor cells
in a mobile communication system is provided. The ter-
minal includes a transceiver for transmitting and receiv-
ing signals to and from a base station, and a controller
for selecting a cell of a base station, for receiving system
information including a Physical Cell Identity (PCI) list
used by neighbor Closed Subscribed Group (CSG) cells
of the base station, for determining whether the terminal
is in an any cell selection state for selecting any cell, and
for searching, when the terminal is in the any cell selec-
tion state, neighbor cells without application of the PCI
list.
[0026] In accordance with another aspect of the
present invention, a neighbor cell search method of a
terminal in a mobile communication system is provided.
The neighbor cell search method includes selecting a
cell of a first base station, determining, when first system
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information is received, whether a network operator is
changed, and searching, when the network operator is
changed, neighbor cells without application of Physical
Cell Identity (PCI) list received from other base station
than the first base station.
[0027] In accordance with still another aspect of the
present invention, a terminal for searching neighbor cells
in a mobile communication system is provided. The ter-
minal includes a transceiver for transmitting and receiv-
ing signals to and from a base station, and a controller
for selecting a cell of a first base station, for determining,
when a first system information is received, whether a
network operator is changed, and for searching, when
the network operator is changed, neighbor cells without
application of Physical Cell Identity (PCI) list received
from other base station than the first base station.
[0028] Other aspects, advantages, and salient fea-
tures of the invention will become apparent to those
skilled in the art from the following detailed description,
which, taken in conjunction with the annexed drawings,
discloses exemplary embodiments of the invention.

[Advantageous Effects of Invention]

[0029] The cell search method and apparatus of ex-
emplary embodiments of the present invention is capable
of performing the cell search procedure to appropriate
eNBs, resulting in improvement of network attachment
efficiency.

[Brief Description of Drawings]

[0030] The above and other aspects, features, and ad-
vantages of certain exemplary embodiments of the
present invention will be more apparent from the follow-
ing description taken in conjunction with the accompa-
nying drawings, in which:

FIG. 1 is a diagram illustrating an architecture of a
Long Term Evolution (LTE) system according to the
related art;
FIG. 2 is a diagram illustrating a protocol stack of an
LTE system according to the related art;
FIG. 3 is a signaling diagram illustrating a Physical
Cell Identity (PCI) list-assisted cell search procedure
of a User Equipment (UE) according to an exemplary
embodiment of the present invention;
FIG. 4 is a flowchart illustrating a PCI list-assisted
cell search procedure of a UE according to a first
exemplary embodiment of the present invention;
FIG. 5 is a signaling diagram illustrating a PCI list-
assisted cell search procedure of a UE according to
a second exemplary embodiment of the present in-
vention;
FIG. 6 is a flowchart illustrating a PCI list-assisted
cell search procedure of a UE according to a second
exemplary embodiment of the present invention;
FIG. 7 is a signaling diagram illustrating a PCI list-

assisted cell search procedure of a UE according to
a third exemplary embodiment of the present inven-
tion;
FIG. 8 is a flowchart illustrating a PCI list-assisted
cell search procedure of the procedure of a UE ac-
cording to the third exemplary embodiment of the
present invention;
FIG. 9 is a block diagram illustrating a configuration
of a UE according to an exemplary embodiment of
the present invention; and
FIG. 10 is a block diagram illustrating a configuration
of an evolved Node B (eNB) according to an exem-
plary embodiment of the present invention.

[0031] Throughout the drawings, it should be noted
that like reference numbers are used to depict the same
or similar elements, features, and structures.

[Mode for the Invention]

[0032] The following description with reference to the
accompanying drawings is provided to assist in a com-
prehensive understanding of exemplary embodiments of
the invention as defined by the claims and their equiva-
lents. It includes various specific details to assist in that
understanding but these are to be regarded as merely
exemplary. Accordingly, those of ordinary skill in the art
will recognize that various changes and modifications of
the embodiments described herein can be made without
departing from the scope and spirit of the invention. In
addition, descriptions of well-known functions and con-
structions may be omitted for clarity and conciseness.
[0033] The terms and words used in the following de-
scription and claims are not limited to the bibliographical
meanings, but, are merely used by the inventor to enable
a clear and consistent understanding of the invention.
Accordingly, it should be apparent to those skilled in the
art that the following description of exemplary embodi-
ments of the present invention is provided for illustration
purpose only and not for the purpose of limiting the in-
vention as defined by the appended claims and their
equivalents.
[0034] It is to be understood that the singular forms "a,"
"an," and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference
to "a component surface" includes reference to one or
more of such surfaces.
[0035] As aforementioned, only a Closed Subscriber
Group (CSG) member User Equipments (UEs) are al-
lowed to access a CSG cells and thus there is a need for
a non-CSG member UE to rule out the CSG cells in the
cell selection procedure. In the current Long Term Evo-
lution (LTE) standard, a Physical Cell Identity (PCI) list
for CSG cells is transmitted from a micro evolved Node
B (eNB) to the UE such that the UE searches for neighbor
cells with the exception of the CSG cells using the PCI.
[0036] However, the PCI list used by the CSG cells
can be changed according to the change of the provider’s
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policy or there can be a special situation requiring attempt
to the CSG cell (e.g. there is no cell for the UE to be able
to access). However, the current technology does not
provide any method for coping with such a situation and
thus there is a need for a method to overcome this prob-
lem.
[0037] FIG. 3 is a signaling diagram illustrating a PCI
list-assisted cell search procedure of the UE according
to an exemplary embodiment of the present invention. In
order to help understand exemplary embodiments of the
present invention, it is assumed that the UE 301 has com-
pleted cell selection/reselection to the eNB 303.
[0038] Referring to FIG. 3, the UE 301 in idle mode
completes the cell selection/reselection to the eNB 303
at step 311. Thereafter, the UE 301 receives the System
Information Block (SIB) 4 from the eNB 303 and extracts
PCI list used by the neighbor CSG cell from the SIB 4 at
step 313. The PCI list used by the neighbor CSG cells is
included in the csg-PhysCellIdRange field.
[0039] If the csg-PhysCellIdRange field is received,
then the UE 301 starts a timer set to a first time duration
(e.g., 24 hours) at step 315. While the timer operates,
the UE 301 regards that the PCI list used by the neighbor
CSG cells which has been received from the eNB 303 is
valid. In the case in which it measures the neighbor cells
for neighbor cell selection/reselection, the UE performs
measurement to the cells that are not included in the PIC
list used by the neighbor CSG cells at step 321.
[0040] This operation causes no problem in the normal
situations, (i.e., when there is a cell from which it is pos-
sible to receive the normal service). For example, in a
case in which there is a suitable cell among the cells with
the exception of the cells included in the csg-PhysCel-
lIdRange, the UE 301 is capable of camping on the cor-
responding cell to receive the normal service.
[0041] However, if there is no suitable cell among the
cells with the exception of the cells included in the csg-
PhysCellIdRange, then the cell included in the previously
received csg-PhysCellIdRange may be a macro cell rath-
er than a CSG cell and it is preferred that even the emer-
gency call is served by the cell having the best radio
channel condition (although it is a CSG cell).
[0042] Accordingly, when the UE 301 is in an Any Cell
Selection state (hereinafter, interchangeably used with
the term ’first state’) as the above-described state (e.g.,
when there is no adjacent suitable cell), the UE deter-
mines that the csg-PhysCellIdRange information includ-
ed in the PCI list is invalid and thus measures neighbor
cells including the cells in the csg-PhysCellIdRange to
perform cell selection/reselection at step 323. For exam-
ple, the UE 301 measures the neighbor cells that are not
indicated in the PCI list in the above case.
[0043] If the timer 315 has expired at step 317, then
the UE 301 determines that the previously received csg-
PhysCellIdRange information is not valid any longer and
measures the all neighbor cells including the CSG cells
indicated in csg-PhysCellIdRange to perform cell selec-
tion/reselection at step 325.

[0044] FIG. 4 is a flowchart illustrating a PCI list-assist-
ed cell search procedure of a UE according to a first ex-
emplary embodiment of the present invention.
[0045] Referring to FIG. 4, the UE 301 receives a Phys-
ical Cell ID range information for used in CSG cells (i.e.,
PCI list in the SIB4 from the eNB 303 (e.g., macro eNB))
at step 401. Upon receipt of the PCI list, the UE 301 starts
the timer having a length of the first time duration (e.g.,
24 hours) at step 403.
[0046] At step 405, the UE 301 determines whether
the timer has expired. If the timer is determined to have
expired, then the UE 301 proceeds to step 407. In con-
trast, if the timer is determined to have not expired, then
the UE 301 proceeds to step 409.
[0047] At step 409, the UE 301 determines whether
the UE 301 is in the Any Cell Selection state.
[0048] Afterward, if the timer is running in the cell se-
lection/reselection procedure and if the UE is not in the
Any Cell Selection state in which no adjacent suitable
cell exists, then the UE 301 regards that the information
received at step 401 as valid and uses this information
in the neighbor cell selection/reselection procedure at
step 411. For example, if it does not belongs to any CSG
cell, then the UE 301 performs cell selection/reselection
procedure with the exception of the CSG cells indicated
in the PCI list.
[0049] However, if the time has expired or if the UE is
in the Any Cell Selection state having no suitable cells
around although the timer has not expired, then the UE
301 regards that the information received at step 401 as
invalid and thus rules out the Physical Cell id range (i.e.,
the PCI list) in the cell selection/reselection procedure.
In other words, the UE 301 measures neighbor cells with-
out consideration of the PCI list.
[0050] FIG. 5 is a signaling diagram illustrating a PCI
list-assisted cell search procedure of a UE according to
a second exemplary embodiment of the present inven-
tion. In order to help understand an exemplary embodi-
ment of the present invention, it is assumed that the UE
is not the member of any CSG.
[0051] Referring to FIG. 5, the UE 501 in idle mode
completes the cell selection/reselection to the eNB A 503
at step 511. Once the cell selection/reselection proce-
dure has completed, the UE 501 receives an SIB 1 mes-
sage from the eNB A 503 to acquire Public Land Mobile
Network (PLMN) information of the eNB A 503 at step
513. The UE 501 compares the received PLMN informa-
tion with the Primary PLMN information of the eNB to
determine whether the PLMN is changed at step 515.
[0052] Upon receipt of the SIB 4 which includes csg-
PhysCellIdRange information at step 517, if the PLMN
is not changed, then the UE 501 starts a timer set to a
first duration (e.g., 24 hours)at step 519. The SIB 4 in-
formation can be received from the other eNB to which
the UE 501 has attached than eNB A 503 and, if the
Primary PLMN has not been changed, then the timer
started or restarted at the receipt of the SIB 4 is main-
tained with the validity of the csg-PhysCellIdRange infor-
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mation at step 521.
[0053] Afterward, the UE 501 performs cell reselection
to the eNB B 505 according to the roaming or change of
the radio channel condition at step 531. The UE 501 re-
ceives SIB 1 message from the newly selected eNB B
505 to acquire the PLMN information of eNB B 505 at
step 533.
[0054] Next, the UE 501 compares the received PLMN
information with the Primary PLMN of the old eNB to de-
termine whether the PLMN is changed at step 535. If the
PLMN is changed, then the UE 501 measures the neigh-
bor cell at step 537 without consideration of the csg-Phy-
sCellIdRange received at step 517. For example, the UE
501 performs neighbor cell measurement without appli-
cation of the PCI list. However, if the csg-PhysCellId-
Range is acquired from the SIB 4 received from the eNB
B 505 at step 539, then the UE 501 performs measure-
ment for cell selection/reselection in consideration of the
newly received csg-PhysCellIdRange at step 543. For
example, the UE 501 rules out the CSG cells indicated
in the csg-PhysCellIdRange (or PCI list) in the measure-
ment. The csg-PhysCellIdRange received at step 517
and the csg-PhysCellIdRange received at step 539 can
be identical with or different from each other. Upon receipt
of the SIB 4 which includes csg-PhysCellIdRange infor-
mation at step 539, the UE 501 starts a timer set to a first
duration (e.g., 24 hours) at step 541.
[0055] FIG. 6 is a flowchart illustrating a PCI list-assist-
ed cell search procedure of a UE according to a second
exemplary embodiment of the present invention.
[0056] Referring to FIG. 6, the UE completes cell se-
lection/reselection to a new cell at step 601. Once the
cell selection/reselection to a new cell has completed at
step 601, the UE 501 receives PLMN information in the
SIB1 transmitted by the newly selected/reselected cell
(e.g., eNB). Next, the UE 501 determines whether the
PLMNs of the old cell (e.g., previously selected/reselect-
ed) and the new cell match with each other at step 603.
[0057] If the PLMNs are determined to not match with
each other, the UE 501 determines whether the Physical
Cell id range information received previously from other
CSG cell exists at step 605. If the previously store Phys-
ical Cell id range information is determined to exist, the
UE discards this information at step 607. In contrast, if
the Physical Cell id range information received previously
from other CSG cell is determined to not exist at step
605, then the procedure jumps to step 609. Similarly, if
the PLMNs match with each other at step 603, the pro-
cedure jumps to step 609.
[0058] At step 609, the UE 501 determines whether
new Physical Cell id range information on the CSG cell
is received in the SIB4 transmitted by the newly select-
ed/reselected cell. If new Physical Cell id range informa-
tion is determined to have been received at step 609, the
UE 501 uses the corresponding information in the cell
selection/reselection procedure at step 611.
[0059] In contrast, if no new Physical Cell id range in-
formation is determined to have been received at step

609, the UE 501 determines whether the Physical Cell
id range information of the old CSG cell is received at
step 613. If the Physical Cell id range information of the
old CSG cell is determined to have been received at step
613, the UE 501 performs the cell selection/reselection
procedure with the old Physical Cell id range information
at step 615. In contrast, if the Physical Cell id range in-
formation of the old CSG is determined to have not been
received at step 613, then the UE 501 performs cell se-
lection/reselection procedure to all cells at step 617.
[0060] FIG. 7 is a signaling diagram illustrating a PCI
list-assisted cell search procedure of a UE according to
a third exemplary embodiment of the present invention.
In order to help understand the third exemplary embod-
iment of the present invention, it is assumed that the UE
is not the member of any CSG.
[0061] Referring FIG. 7, the UE 701 in idle mode com-
pletes the cell selection/reselection to the eNB 703 at
step 711.
[0062] After completing the cell selection/reselection,
the UE 701 receives an SIB1 message from the eNB 703
to acquire the PLMN information at step 713.
[0063] The UE 701 compares the received PLMN in-
formation and the Primary PLMN information of the old
eNB to determine whether the PLMN is changed at step
715.
[0064] If the PLMN is changed, the UE 701 measures
the neighbor cells without consideration of the csg-Phy-
sCellIdRange information received from the old cell at
step 717. For example, the UE 701 performs neighbor
cell measurement without application of the PCI list. How-
ever, if the csg-PhysCellIdRange is received in the SIB4
from the eNB 703 afterward at step 719, the UE 701
performs measurement for cell selection/reselection in
consideration of the newly received csg-PhysCellId-
Range at step 723. For example, the UE 701 rules out
the CSG cells indicated by the csg-PhysCellIdRange in
the measurement.
[0065] If the csg-PhysCellIdRange is received, the UE
701 starts a timer having a length of the first time duration
(e.g., 24 hours) at step 721. Until the timer expires at step
727, the PCI list used by the neighbor CSG cells is valid.
Accordingly, when measuring the neighbor cells for cell
selection/reselection, the UE 701 performs measure-
ment to the cells that are not included in the PCI list at
step 723.
[0066] This operation does not cause a problem when
there is a cell providing the normal service. For example,
if there is a suitable cell among the cells that are not
indicated by the csg-PhysCellIdRange, the UE 701
camps on the corresponding cells to receive the normal
service.
[0067] However, the cell indicated by the csg-PhysCel-
lIdRange which has been received previously in the sit-
uation in which there is no suitable cell among the cells
that are not indicated by the csg-PhysCellIdRange may
be a normal macro cell and it is preferred that even the
emergency call is served by the cell having the best radio
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channel condition (although it is a CSG cell).
[0068] In addition, at step 725, the UE 701 performs a
measurement for cell selection/reselection when the UE
is in an Any Cell Selection state.
[0069] Accordingly, when the UE is in the Any Cell Se-
lection state as above described (e.g., when there is no
suitable cell adjacent), the UE 701 determines the inva-
lidity of the csg-PhysCellIdRange and performs meas-
urement to the neighbor cells including the cells indicated
by the csg-PhysCellIdRange for cell selection/reselec-
tion at step 729.
[0070] FIG. 8 is a flowchart illustrating a PCI list-assist-
ed cell search procedure of the procedure of a UE ac-
cording to a third exemplary embodiment of the present
invention.
[0071] Referring to FIG. 8, the UE completes cell se-
lection/reselection at step 801. After selecting/reselect-
ing a new cell at step 801, the UE receives PLMN infor-
mation in the SIB1 transmitted by the newly selected/re-
selected cell and determines whether the received PLMN
information is identical with the Primary PLMN of the old
cell at step 803. If the PLMNs are determined to not match
each other, the UE determines whether the Physical Cell
id range information of CSG cells which has been re-
ceived previously from other cell exists at step 805. If the
Physical Cell id range information is determined to exist,
the UE discards this Physical Cell id range information
at step 807.
[0072] In contrast, if the UE determines that the Phys-
ical Cell id range information of CSG cells which has been
received previously from other cell does not exist at step
805, then the procedure jumps to step 809. Similarly, if
the PLMNs are determined to match each other at step
803, the procedure jumps to step 809.
[0073] The UE determines whether the Physical Cell
id range information used in the CSG cells is received
newly in the SIB4 from the newly selected/reselected cell
at step 809. If the UE determines that the Physical Cell
id range information used in the CSG cells is received
newly in the SIB4 from the newly selected/reselected cell
at step 809, then the UE starts a timer having the length
of the first time duration (e.g., 24 hours) at step 811.
[0074] The UE determines whether the timer has ex-
pired at step 813. If the timer is determined to have not
expired, the UE determines whether the UE is in a state
capable of receiving emergency call service (e.g., the
Any cell selection state) at step 815. If the UE is deter-
mined to not be in the Any Cell Selection state in which
no adjacent suitable cell exists, the UE regards that the
physical Cell id range information used in the CSG cells
is valid at step 817. The UE then performs cell selec-
tion/reselection by referencing the newly received Phys-
ical Cell id range information afterward at step 819. For
example, the CSG cells included in the received PCI list
are ruled out in measurement.
[0075] However, if the timer is determined to have ex-
pired at step 813, if the timer has not expired but the UE
is determined to be in the Any Cell Selection state in

which no adjacent suitable cell exists at step 815, the UE
regards at step 821 that the information received at step
809 is invalid. Thus the UE performs cell selection/rese-
lection to all cells without consideration of the Physical
Cell id range at step 823.
[0076] If the UE determines that no new Physical Cell
id range information of CSG cells is received in SIB4 at
step 809, the UE determines whether the old Physical
Cell id range information of the CSG cells is received at
step 825. If the old Physical Cell id range information is
determined to have been received at step 825, the UE
performs cell selection/reselection procedure with the old
Physical Cell id range information at step 827. In contrast,
if the old Physical Cell id range information is determined
to have not been received at step 825, performs the cell
selection/reselection procedure to all cells at step 823.
[0077] FIG. 9 is a block diagram illustrating a configu-
ration of a UE according to an exemplary embodiment
of the present invention.
[0078] Referring to FIG. 9, the UE according to an ex-
emplary embodiment of the present invention includes a
transceiver 905, a controller 910, a multiplexer/demulti-
plexer 920, higher layer processors 925 and 930, and a
control message processor 935.
[0079] The transceiver 905 receives data and control
signals through a downlink channel of the serving cell
and transmits data and control signal through an uplink
channel. If multiple serving cells are configured, the
transceiver 905 is capable of transmitting and receiving
data and control signals through multiple serving cells.
[0080] The multiplexer/demultiplexer 920 multiplexes
the data generated by the higher layer processor 925
and 930 and the control message processor 935, and
demultiplexes the data received by the transceiver 905
to deliver the demultiplexed data to appropriate proces-
sors (e.g., the higher layer processors 925 and 930 and
the control message processor 935).
[0081] The control message processor 935 processes
the control message received from the eNB to take an
appropriate action. For example, if DRX-related param-
eters are received, the control message processor 935
delivers these parameters to the controller 910.
[0082] The higher layer processors 925 or 930 are con-
figured per service to process the data generated by a
user service such as File Transfer Protocol (FTP) and
Voice over Internet Protocol (VoIP) and to transfer the
processed data to the multiplexer/demultiplexer 920 and
to process the data from the multiplexer/demultiplexer
920 and to deliver the processed data to the service ap-
plication running on the higher layer.
[0083] The controller 910 analyzes the scheduling
command (e.g., uplink grant), received by the transceiver
905, and controls the transceiver 905 and the multiplex-
er/demultiplexer 920 to perform uplink transmission with
appropriate transmission resource at appropriate timing.
The controller 910 controls the transceiver 905 by taking
notice of the DRX operation and CSI/SRS transmission.
[0084] According to an exemplary embodiment of the
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present invention, the controller 910 is capable of per-
forming cell selection to a certain eNB. The controller
controls receiving the system information including Phys-
ical Cell Identity (PCI) used by adjacent Closed Subscrib-
er Group (CSG) from the eNB. The controller 910 deter-
mines whether the UE is in an Any Cell Selection state
and, if so, controls the neighbor cell search without ap-
plication of the received PCI list. In this case, if the UE
performs neighbor cell search without application of the
received PCI list, then the neighbor cell search is per-
formed to all cells including the CSG cells included in the
PCI list.
[0085] If the UE is not in the Any Cell Selection state,
the controller 910 controls the neighbor cell search with
application of the received PCI list. In this case, if the UE
performs neighbor cell search with application of the re-
ceived PCI list, this means that the neighbor cell search
is performed to the cells with the exception of CSG cells
included in the PCI list.
[0086] The controller 910 is also capable of starting a
timer having the length of the first time duration after re-
ceipt of the system information and controlling the neigh-
bor cell search with application of the PCI list before the
timer expires.
[0087] According to another exemplary embodiment
of the present invention, the controller 910 is capable of
performing cell search to a certain first eNB. If the first
system information is received from the first eNB, the
controller 910 determines whether the PLMN is changed
and, if so, controls the neighbor cell search without ap-
plying Physical Cell Identity (PCI) list received from the
first eNB and other eNBs.
[0088] If the second system information including the
PCI list used by the Closed Subscriber Group (CSG) cells
which is transmitted by the first eNB is received, the con-
troller 910 is capable of performing neighbor cell search
with application of the PCI list included in the second
system information.
[0089] FIG. 10 is a block diagram illustrating a config-
uration of an eNB according to an exemplary embodi-
ment of the present invention.
[0090] Referring to FIG. 10, the eNB includes a trans-
ceiver 1005, a controller 1010, a scheduler 1015, a mul-
tiplexer/demultiplexer 1020, various higher layer proces-
sors 1025 and 1030, and a control message processor
1035.
[0091] The transceiver 1005 transmits data and control
signals on a downlink carrier and receives data and con-
trol signals on an uplink carrier. If multiple carriers are
configured, the transceiver 1005 transmits and receives
the data and control signals on the multiple carriers.
[0092] The multiplexer/demultiplexer 1020 multiplexes
the data generated by the higher layer processors 1025
and 1030 and the control message processor 1035, and
demultiplexes the data received by the transceiver 1005
to deliver the demultiplexed data to at least one of the
higher layer processors 1025 and 1030, the control mes-
sage processor 1035, and the controller 1010. The con-

trol message processor 1035 processes the message
transmitted by the UE and takes a necessary action or
generates a control message to be transmitted to the UE
to the higher layer.
[0093] The higher layer processors 1025 or 1030 are
configured per UE per service to process the data gen-
erated by a user service such as File Transfer Protocol
(FTP) and Voice over Internet Protocol (VoIP), to transfer
the processed data to the multiplexer/demultiplexer
1020, to process the data from the multiplexer/demulti-
plexer 1020, and to deliver the processed data to the
service application running on the higher layer.
[0094] The controller 1010 controls the transceiver by
taking notice of the CSI/SRS transmission timing of the
UE.
[0095] The scheduler 1015 allocates transmission re-
source to the UE at an appropriate time in consideration
of the buffer status of the UE, channel status, and active
time of the UE; and controls the transceiver to process
the signals transmitted by the UE or to be transmitted to
the UE.
[0096] As described above, the cell search method and
apparatus of exemplary embodiments of the present in-
vention is capable of performing the cell search proce-
dure to appropriate eNBs, resulting in improvement of
network attachment efficiency.
[0097] While the invention has been shown and de-
scribed with reference to certain exemplary embodi-
ments thereof, it will be understood by those skilled in
the art that various changes in form and details may be
made therein without departing from the spirit and scope
of the invention as defined by the appended claims and
their equivalents.
[0098] Some examples are provided in following claus-
es.

Clause 1

[0099] A cell search method of a terminal in a mobile
communication system, the cell search method compris-
ing:

selecting a cell of a base station;
receiving system information including a Physical
Cell Identity (PCI) list used by neighbor Closed Sub-
scribed Group (CSG) cells of the base station;
determining whether the terminal is in an any cell
selection state for selecting any cell; and
searching, when the terminal is in the any cell selec-
tion state, neighbor cells without application of the
PCI list.

Clause 2

[0100] The cell search method of clause 1, further com-
prising:

searching, when the terminal is not in the any cell
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selection state, the neighbor cells with application of
the PCI list.

Clause 3

[0101] The cell search method of clause 2, wherein the
searching of the neighbor cells with application of the PCI
list comprises searching the neighbor cells with the ex-
ception of the CSG cells belonging to the PCI list.

Clause 4

[0102] The cell search method of clause 1, wherein the
searching of the neighbor cells without application of the
PCI list comprises searching the neighbor cells including
the CSG cells belonging to the PCI list.

Clause 5

[0103] The cell search method of clause 1, further com-
prising:

starting, upon receiving the system information, a
timer having a length of a first time duration; and
searching the neighbor cells with application of the
PCI list before the timer expires. Clause 6

[0104] The cell search method of clause 1, wherein the
PCI list is included in a csg-PhysCellIdRange parameter
of the system information.

Clause 7

[0105] A terminal for searching neighbor cells in a mo-
bile communication system, the terminal comprising:

a transceiver for transmitting and receiving signals
to and from a base station; and
a controller for selecting a cell of a base station, for
receiving a system information including a Physical
Cell Identity (PCI) list used by neighbor Closed Sub-
scribed Group (CSG) cells of the base station, for
determining whether the terminal is in an any cell
selection state for selecting any cell, and for search-
ing, when the terminal is in the any cell selection
state, neighbor cells without application of the PCI
list.

Clause 8

[0106] The terminal of clause 7, wherein the controller
is configured for searching, when the terminal is not in
the any cell selection state, the neighbor cells with appli-
cation of the PCI list.

Clause 9

[0107] The terminal of clause 8, wherein the neighbor

cells, when the PCI list is applied, comprises cells with
the exception of the CSG cells belonging to the PCI list.

Clause 10

[0108] The terminal of clause 7, wherein the neighbor
cells, when the PCI list is not applied, comprises the CSG
cells belonging to the PCI list.

Clause 11

[0109] The terminal of clause 7, wherein the controller
is configured for starting, upon receiving the system in-
formation, a timer having a length of a first time duration,
and for searching the neighbor cells with application of
the PCI list before the timer expires.

Clause 12

[0110] The terminal of clause 7, wherein the PCI list is
included in a csg-PhysCellIdRange parameter of the sys-
tem information.

Clause 13

[0111] A neighbor cell search method of a terminal in
a mobile communication system, the neighbor cell search
method comprising:

selecting a cell of a first base station;
determining, when first system information is re-
ceived, whether a network operator is changed; and
searching, when the network operator is changed,
neighbor cells without application of Physical Cell
Identity (PCI) list received from other base station
than the first base station.

Clause 14

[0112] The neighbor cell search method of clause 13,
further comprising searching, when second system in-
formation including the PCI list used by neighbor Closed
Subscriber Group (CSG) cells of the first base station is
received, neighbor cells with application of the PCI list
included in the second system information.

Clause 15

[0113] The neighbor cell search method of clause 14,
wherein the searching of neighbor cell with application
of the PCI list comprises searching the cells with the ex-
ception of the CSG cells belonging to the PCI list.

Clause 16

[0114] The neighbor cell search method of clause 13,
wherein the searching of neighbor cells without applica-
tion of Physical Cell Identity (PCI) list received from other
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base station than the first base station comprises search-
ing the neighbor cells including Closed Subscriber Group
(CSG) cells belonging to the PCI list.

Clause 17

[0115] A terminal for searching neighbor cells in a mo-
bile communication system, the terminal comprising:

a transceiver for transmitting and receiving signals
to and from a base station; and
a controller for selecting a cell of a first base station,
for determining, when first system information is re-
ceived, whether a network operator is changed, and
for searching, when the network operator is
changed, neighbor cells without application of Phys-
ical Cell Identity (PCI) list received from other base
station than the first base station.

Clause 18

[0116] The terminal of clause 17, wherein the controller
is configured for searching, when second system infor-
mation including the PCI list used by neighbor Closed
Subscriber Group (CSG) cells of the first base station is
received, neighbor cells with application of the PCI list
included in the second system information.

Clause 19

[0117] The terminal of clause 17, wherein the neighbor
cells, when the PCI list is not applied, comprises the CSG
cells belonging to the PCI list.

Clause 20

[0118] The terminal of clause 18, wherein the neighbor
cells, when the PCI list is applied, comprises cells with
the exception of the CSG cells belonging to the PCI list.

Claims

1. A method of a terminal in a wireless communication
system, the method comprising:

receiving first system information including pub-
lic land mobile network (PLMN) information;
receiving second system information including
closed subscriber group (CSG) cell information;
determining whether a PLMN identity is
changed based on the PLMN information; and
selecting a cell among a plurality of cells includ-
ing a CSG cell based on the CSG cell information
if the PLMN identity is not changed.

2. The method of claim 1, further comprising:

selecting, if the PLMN identity is changed, a cell
among a plurality of cells with an exception of
the CSG cell,
wherein the CSG cell information is received
from a base station having a different PLMN
identity from a PLMN identity of the PLMN infor-
mation.

3. The method of claim 1, wherein, if the PLMN identity
is not changed, the CSG cell information is received
from a base station transmitting the first system in-
formation or a base station having a PLMN identity
same as a PLMN identity of the PLMN information.

4. The method of claim 1, wherein the first system in-
formation comprises system information block 1, and
the second system information comprises system in-
formation block 4.

5. The method of claim 1, wherein the selecting of the
cell among the plurality of cells including the CSG
cell based on the CSG cell information if the PLMN
identity is not changed comprises:

determining whether a timer having a length of
a predetermined time duration expires; and
selecting the cell among the plurality of cells in-
cluding the CSG cell based on the CSG cell in-
formation if the PLMN identity is not changed
and the timer is running.

6. The method of claim 5, wherein the predetermined
time duration is 24 hours.

7. The method of claim 5, wherein the timer starts to
elapse when the second system information is re-
ceived.

8. The method of claim 1, wherein the CSG cell infor-
mation comprises a csg-PhysCellIdRange parame-
ter which indicates physical cell identities of the CSG
cell.

9. A terminal in a wireless communication system, the
terminal comprising:

a transceiver to transmit and receive signals;
and
a controller coupled to the transceiver and con-
figured to:

control to the transceiver to receive first sys-
tem information including public land mobile
network (PLMN) information,
control to the transceiver to receive second
system information including closed sub-
scriber group (CSG) cell information,
control to determine whether a PLMN iden-
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tity is changed based on the PLMN informa-
tion,
determine whether a PLMN identity is
changed based on the PLMN information,
and
control to select a cell among a plurality of
cells including a CSG cell based on the CSG
cell information if the PLMN identity is not
changed.

10. The terminal of claim 9,
wherein the controller is further configured to control
to select a cell among a plurality of cells with an ex-
ception of the CSG cell, if the PLMN identity is
changed, and
wherein the CSG cell information is received from a
base station having different PLMN identity from a
PLMN identity of the PLMN information.

11. The terminal of claim 9, wherein, if the PLMN identity
is not changed, the CSG cell information is received
from a base station transmitting the first system in-
formation or a base station having a PLMN identity
same as a PLMN identity of the PLMN information.

12. The terminal of claim 9,
wherein the first system information comprises sys-
tem information block 1, and
wherein the second system information comprises
system information block 4.

13. The terminal of claim 9, wherein the controller is fur-
ther configured to determine whether a timer having
a length of a predetermined time duration expires,
and to select the cell among the plurality of cells in-
cluding the CSG cell based on the CSG cell infor-
mation if the timer is running.

14. The terminal of claim 13, wherein the predetermined
time duration is 24 hours, and the timer starts to
elapse when the second system information is re-
ceived.

15. The terminal of claim 9, wherein the CSG cell infor-
mation comprises a csg-PhysCellIdRange parame-
ter which indicates physical cell identities of the CSG
cell.
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